Improvement and effectiveness of polymers through reinforced materials coupled with environmental nuisance of the Cissus populnea fiber remains an area of concern. Tensile responses of chemically treated C. populnea fibers were investigated. Gravimetric analysis was used to determine the composition of C. populnea fibers. Sodium hydroxide (NaOH), acetic anhydride (AC) and ethylene diaminetetra-acetic acid (EDTA), respectively, were used for fiber treatment and optimized with variable parameters (concentration and time) using response surface methodology (RSM) with central composite design. Scanning electron microscopy (SEM) with energy dispersive spectroscopy (EDS) were studied. At optimum treatment conditions, NaOH, AC and EDTA, respectively, increased the tensile strength of C. populnea fiber by 33.49, 274 and 194.52% as well as tensile modulus by 793.43, 20799.43 and 855%. Hence acetic anhydride treatment gave the best tensile properties of C. populnea fibers as corroborated by SEM with EDS. Thus, the effective use of C. populnea fiber in composite applications can be improved by chemical surface modifications.
INTRODUCTION
Cissus populnea (C. populnea) is a tropical plant usually found in West Africa, particularly in Nigeria. It is called food gum plant. Its sap had been used as soup thickener, for treatment of venereal diseases and indigestion [1, 2] , drug binder [3] and in ethnomedicine for treatment of male infertility [4] . About 51% of childless marriages result from fertility problems/sterility on the part of the male partners and demand the use of extract of the C. populnea plant [4] . This indicates high disposal of C. populnea fiber in Nigeria. Thus, disposal of C. populnea fiber causes environment nuisance through foul smell emissions and increased biochemical oxygen demand in the society. The composition, characteristics and usefulness of C. populnea fiber in composites applications are limited. Research in polymer composite applications is being directed towards the use of natural fibers as renewable resources for reinforcement. Lignocellulosic fibers also called ''plant" or ''natural" fibers such as bast, leaf or hard, seed, fruit, wood, cereal straw, and other grass fibers have been area of interest of researchers in polymer composites. Lignocellulosic fibers are materials rich in lignin, hemicellulose and cellulose that are used for various applications such as yarns and textiles, ropes, twines and nets, non-woven fabrics, tissues, paper and board products, packaging, building and construction materials, fiber boards, insulation, geotextiles, composites and automotive parts [5] [6] [7] [8] . In composites, the applications of natural fibers depend on their composition, physical and mechanical properties [6] . The environmental benefits of natural fibers over synthetic fibers for industrial applications partly depends on the possibilities for replacement of the various fibers, energy requirement for the production process, product performance, functional life time and options for waste disposal. In Brazil, 93 % of natural fibers such as banana, jute, piassava, sponge-gourd, sugarcane, coco-nut, rice straw, sisal, ramie and coconut are replacing glass or other traditional reinforcement materials in composites [6, 9, 10] . The advantages of natural fibers include low density, high toughness, comparable specific strength properties, reduction in tool wear, ease of separation, reduced energy of fabrication, non -toxic, low cost, weight saving, reinforcing materials, improvement of stiffness and emerging saving of petroleum products [6, 11] . The undesirable properties of natural fibers may be attributed to relatively high hydrophilic behaviours which limits the application in industrial practice and become the most crucial issue in composites engineering. This affects the interfacial adhesion between the fiber and the polymer matrix, hence reducing the mechanical properties of the composites [12] . Surface modifications of natural fibers have been found to be very effective in improving the fiber-matrix interfacial adhesion. Surface modifications such as the use sodium hydroxide, silane, hydrogen peroxide, chromium sulphate, sodium hypochlorite, acetic anhydride with or without acetic acid, respectively, have been reported as promising techniques that improved the fiber wettability, modify microstructure, surface topography, surface chemical groups and tensile strength, through removal of lignins, hemicelluloses, pectins and other impurities [5, 6, 13, 14] . However, the use of catalysts in acetylation poses many problems as reported by Bledzki , et al.. [15] .
Strong mineral acids or acid salts are known to cause hydrolysis of cellulose which damage the fiber structure. So, selection and optimization of catalyst is important for the acetylation of lignocellulosic fibers. The hydroxyl groups of lignin, hemicelluloses, and those of amorphous cellulose reacts with acetyl groups while the hydroxyl groups of crystalline region with close packing and strong interlock bonding are completely inaccessible [15] . Moreover, variation in fiber properties may be due to compositions, nature, extraction techniques and modification conditions [16, 17] . These changes have influence on the interaction between fiber and polymer (in case of composites), adsorbent and adsorbate (for use as adsorbent of metals and pigments), enzyme and support and/or functionalizing agent and support (for immobilization process) [6] . In this study, optimization of tensile properties of C. populnea fibers treated with sodium hydroxide (NaOH), acetic hydride (AC) and ethylene diaminetetra-acetic acid (EDTA) was investigated. Cissus populnea fibers of length 150mm with gauge length of 100mm and average diameter of 0.11 ± 0.02mm. The average of three experiments conducted was used for this study. Then, optimization based on modified conditions was done using second order polynomial of response surface methodology (RSM) with central composite design (CCD) of Design -Expert software (version 6.0.8) and statistically analyzed using analysis of variance (ANOVA).
MATERIALS AND METHODS

Scanning Electron Microscope Analysis
High resolution scanning electron microscope (SEM) of ASPEX 3020 model with energy dispersive X-ray spectroscopy (EDS) was used to study the morphology of surfaces of the Cissus populnea fibers with elemental composition at optimal treatment conditions. The surfaces of the fiber was examined directly by scanning electron microscope (SEM) ASPEX 3020 model at 20 KeV and 5.0 x10 -5 torr. Fiber sample was mounted on stubs with silver paste. To enhance the conductivity of the fiber, a thin film of platinum was vacuum -evaporated before the photomicrographs or spectrum were taken.
RESULTS AND DISCUSSION
The extracted C. populnea fiber of 76.9 % plant bast was obtained with the proximate composition as presented in Table 1 . It can be observed that C. populnea fibers rich in cellulose, hemicellulose, lignin content which contributed to the strength and stiffness of fibers and similar to the report of Kalia , et al. [19] . From Figure 1 This shows that 9 % NaOH for 40 minutes gave the highest tensile strength of 185.9 MPa and found to be more effective on C. populnea fibers compared to double stages (0.5% CrSO4 and NaHCO3) treated coir fiber with 81.8 % improvement in tensile strength as reported by Hossain , et al.. [20] and Mir, et al.. [21] , and 5% NaOH treated kenaf fibers with 57.4 % improvement in tensile strength as reported by Cao , et al.. [22] .
The tensile modulus measured the stiffness of a material. From Figure 2 , 6 % NaOH treatment was found to be ineffective on the tensile modulus of C. populnea. Treatment of fibers with 3, 9, 12 and 15 % NaOH, respectively, for 40, 50, 50 and 40 minutes increased the ultimate tensile modulus of uCPF by 1723.6, 263.3, 3311.1 and 4353.7 %. The increase in tensile modulus is more than that of kenaf fiber as reported by Cao , et al. [22] . The highest percentage increase in tensile modulus was obtained at treatment condition of 15% NaOH for 40 minutes. The increase in tensile properties may be attributed to surface removal of amorphous constituents (lignins, pectins, hemicellulose and other impurities) as reported by researchers [5, 13] . Figure 3 shows the effect of acetic anhydride treatment on tensile strength of C. populnea fibers. It can be observed that acetic anhydride increased the tensile strength of the C. populnea fibers up to maximum levels at treatment conditions of 3, 6, 9, 12 and 15 %, respectively, for 120, 60, 60, 120 and 150 mins. This might be due to hydroxyl groups substituted by acetyl groups on C. populnea fibers forming strong covalent bond, thus reducing the hydrophilic nature of C. populnea fibers which makes it less susceptible to biological decay as reported by researchers [12, 23] . The highest percentage increase in tensile strength was found to be 1409.5% at treatment conditions of 15% AC for 150 mins. From Figure 4 , there seems to be no significant effect of the acetic anhydride on the tensile modulus of C. populnea fibers when treated with 6, 12 and 15 % concentration but influenced at concentration of 3 and 9 % of acetic anhydride, respectively. The highest percentage increase in tensile modulus for 3 and 9 %, respectively, at treatment time of 120 and 60 minutes was found to be 19144.5 and 28092.5% uCPF. The highest tensile modulus is 262807.8MPa which increased by 28092.5% uCPF. The significance of the response model term can be determined by the p < 0.05. It can be observed that all the model terms with constant parameters are significant for the NaOH and EDTA treated C. populnea fibers since p < 0.05. This shows the contribution of concentration, treatment time, quadratic of concentration and time as well as interaction of concentration and time for NaOH and EDTA treatments, respectively, on the tensile strength of modified C. populnea fibers. In the case of C. populnea fibers treated with acetic anhydride, quadratic of treatment time (t 2 ) contributes significantly to the tensile strength of fibers. This is also illustrated in Figure 7 . The above observation shows a limitation in the report of researchers on improvement of tensile strength of some natural fibers as functions of concentration alone without varying the time, as their observed tensile strength may not be optimal since time is a significant term [25, 26] . Global maximum can be observed from the surface plots (Figure 7 ) for NaOH and AC treated C. populnea fibers. The statistical data of tensile modulus response using ANOVA are presented in Table 3 .
The quadratic response surface model for tensile modulus of NaOH, AC and EDTA treated C. populnea fibers, respectively, are represented by equations (4), (5) and (6) . The R 2 value of 0.9081, 0.9985 and 0.9044, respectively, for tensile modulus of NaOH, AC and EDTA treated C. populnea fibers were favourably correlated which explain 90.8, 99.9 and 90.4% of the observed variability in tensile modulus based on treatment conditions. Moreover, with adequate precision of 11.1086, 55.9988 and 9.014 (> 4), the quadratic model for tensile modulus of C. populnea fibers treated with NaOH, AC and EDTA, respectively, may be adequately used in composite design applications. The value of 8.19, 0.15 and 9.56%, respectively, measured the residue which cannot be explained due to uncontrollable factors that were not put into consideration for this study.
The model terms for tensile modulus of C. populnea fibers modified with NaOH (t 2 and ct), AC (c, t, c 2 , t 2 and ct) and EDTA (c, c 2 and t 2 ) were significant since p < 0.05. The above observation indicated that there exist a quadratic relationship between tensile modulus of modified C. populnea fibers using NaOH, AC and EDTA, respectively, with the concentration and treatment time as illustrated in Figure 8 . The global maximum tensile modulus of fiber was found for AC at optimum treatment conditions. Figure 9 (a) -(d), respectively, shows the surface morphology of untreated, NaOH, AC and EDTA modified C. populnea fibers using high resolution scanning electron microscope (SEM) of ASPEX 3020 model. Figure 9 (a) shows that there is deposition of lignin, hemicellulose and wax on primary layer of uCPF.
It can be observed that NaOH modified C. populnea fibers revealed the roughness and smooth surfaces as shown in Figure 9 (b). This indicates the removal of lignin, hemicellulose and wax substances on fiber surfaces and resulted to reduction in fibers' diameter as presented in Table 4 using micrometer screw gauge and increased the reactive sites, which may improve the adhesion of the C. populnea fibers to polymer. This is similar to the report of researchers [29, 30] . From Figure 9 (c), surface shrinkage of acetic anhydride modified C. populnea fibers was observed, thereby, caused decrease in diameter. Figure 9 (d) shows disorganized fibril and weakening of the gel structure which revealed the partial removal of wax and lignin from C. populnea fibers when treated with EDTA. This is an indication that EDTA serves as chelating agent and improved fiber separation, thereby, improved interfacial adhesion of fibers. The surface of the treated fibers appears free of any residual particles and smoother. Hence, this revealed the effectiveness of NaOH, AC and EDTA treatments in removing impurities surface of fibers. This is in agreement with the report of [24] . Treated C. populnea fiber may be alternative to glass and other alternative fibres in composite [31, 32] .
The EDS spectra of untreated and treated C. populnea fibers are presented in Figure 10 . The presence of elemental atoms like carbon, oxygen and bromine atoms with elemental compositions can be observed in Figure 10 (a). The presence of sodium atoms based on acquisition time was observed and indicated an increase in tensile properties of the fibers as seen in 
